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Data Preparation
We received the initial data dump of the Omega ontology [4] currently in use, and converted it to OWL. In our current version of the transformation, we assume that all subclasses of the PROPERTY should be expressed as object properties. Any Omega concept that is not an object property is transformed into an owl:Class. This approach will be revised as we incorporate special knowledge about the SUBJECT-MATTER slot and other characteristics of the Omega ontology.
There are several problems with this approach -sometimes the same name is used for both a concept and a property, such as LOCATION. To address such problems, we are creating a metaontology describing the contents of the Omega ontology. In this ontology, all classes and properties are transformed into instances of classes that Stand in for OWL's classes, object properties, and datatype properties. The resulting knowledge base can be examined using OWL-aware tools to determine what aspects will not result in a valid OWL-DL ontology.
Transitivity Analysis
In consultation with the sponsor, we performed an initial analysis of the node and link types. We identified 660,541 links and 121,658 node declarations (classes and properties). There are also 5 SUBJECT concepts that do not appear in the class hierarchy. The links include DESCRIPTION records from the omega ontology.
We considered link types together with their inverses, as shown in Table 1 . Link types with inverses are shown over two sets of columns, and those without over one. In many cases, the number of forward and reverse links for inverse paris are not the same, and this is measured showing the count range and the % of that range.
After consultion with the sponsor we gained a better understanding of Omega's structure. After understanding that the subject hierarchy was distinct from the class hierarchy, we retained it, bu excluded the DEFINITION, DOMAIN, RANGE, INVERSE and SOURCE links.
We combined link types with inverses together. For example, DIRECT-SUPERCLASS and SUBCLASSES are combined into just SUBCLASSES (selected arbitrarily), and recorded with the mean of the forward and reverse link counts.
The distribution of the resulting 276,858 combined links is shown in Table 2 . This reveals that by far the biggest link types are SUBCLASSES and SUBJECT (as expected). Together with the next two, DIRECT-HAS-MEMBER and DIRECT-PART-OF, they comprise 93.2% of all the links. Additionally, each of these links is transitive, that is, hierarchical.
Order Theoretical Analysis
We now outline aspects of our order theoretical analysis.
We have four candidate semantic hierarchies: SUBCLASSES, SUBJECT, DIRECT-HAS-MEMBER and DIRECT-PART-OF. Each breaks into a number of connected components, and each component is represented as a distinct finite ordered set P, ≤ [1] , for example as shown in Fig. 1 . In this context, we can initially measure the number of parents and children of each node, revealing the amount of multiple inheritance present.
Further, we are motivated by the our conception of the proper vertical positioning of nodes [2, 3] . Note that in some sense, all children of the root (L, B, X, K) are the same "distance" from the root node 1. But they are not all the same. For example, K is also a leaf, and is similar to e.g. Q in that it is the same distance "from the bottom". Count  Count  Name  Count  Inverse  Count  Mean  Range  % Range  DIRECT-SUPERCLASS  125696  SUBCLASSES  125696  125696  0  0.00%  DEFINITION  115083  115083  0  0.00%  SUBJECT  111450  SUBJECT-MATTER  111450  111450  0  0.00%  DIRECT-HAS-MEMBER  12113  DIRECT-MEMBER-OF  12113  12113  0  0.00%  DIRECT-PART-OF  8638  DIRECT-HAS-PART  8611  8624  27  0.31%  ANTONYM  7605  7605  0  0.00%  IS-PERTAINED-TO-BY  3497  PERTAINS-TO  3497  3497  0  0.00%  SHISHKABOB  1896  1896  0  0.00%  DIRECT-HAS-SUBSTANCE  1505  DIRECT-SUBSTANCE-OF  1502  1503  3  0.20%  INSTRUMENT-OF  918  INSTRUMENT  915  916  3  0.33%  HAS-SPORTS-ACTIVITY  710  IN-DISCIPLINE  710  710  0  0.00%  THEME-OF  486  THEME  489  487  3  0.62%  AGENT-OF  474  AGENT  495  484 Thus we need to consider vertical position dually from the top and bottom. We do this by first providing a global bottom node 0 below all of the leaves (G, M, O, Q, D, H, K). Then for two nodes a, b ∈ P , we let h * (a, b) be the maximum path length between them, and the height to be the ax chain length from the top to the bottom: H := h * (0, 1). We than have the following quantities:
Inverse
Top Rank: Max chain length a to top: r t (a) := h * (a, 1)
Bottom Rank: Height minus max chain length from the bottom to a:
Rank Width: W (a) := R(a) = r b (a) − r t (a) Fig. 2 shows the resulting structure (also showing some additional features [3] ). For example, we have H = 5, and R(K) = [1, 4] , so that K has a top rank of 1, a bottom rank of 4, and a rank width of 3. This is maximal, because K is both "one down from the top" and also "one up from the bottom". This is contrasted with R(I) = [2, 2] , so that it is unequivocally at rank 2, being 2 down from the top and 3 up from the bottom.
Subclass
We next consider a hierarchical analysis specifically of the SUBCLASS hierarchy.
A connection analysis reveals that Omega is essentially "is-a complete": there is one giant component of 121,655 nodes, and eight components of size one due to erroneous roots (see below). Table 3 shows a portion of the distribution of the number of parents and children. This shows a largely, but not completely, tree-like structure, with 3.0% of the nodes having more than one parent, and seven nodes having six. Table 4 and Fig. 3 show the rank distribution.
We note a few things. Count parents  0  95913  10  1  9489  118016  2  5202  3309  3  3094  271  4  1976  43  5  1266  7  6  914  7  7  704  8  494  9  379  10  297  11  280  12  205  13  134  14  136  15  110  16  108  17  88  18  69  19  98  20  59  21  55  22  47  23  39  24  30  25  40  26  20  27  29  28  28  29  20  30  16  31  9  32  16  33  16  34  11  35  14  36  12  37  8  38  10  39  10  40  13  41  11  42  7  43  7  44  4  45  7  46  7  47  2  48  3  49  5  50  4  51  5  52  4  53  4  54  6  56  2  57  3  58  5  60  5  61  4  62  2  63  3  64  1  67  1  68  2  69  4  70  2  71  1  72  1  73  3  74  3  76  3  77  2  78  2  79  1  80  2  82  2  84  1  85  1  86  2  87  3  88  2  89  2  90  1  91  4  94  2 Width  0  10  1  74  1  9  1  111  2  39  2  124  3  11124  3  100  4  12176  4  144  5  2272  2  324  6  4172  3  1636  7  6167  2  4387  8  9475  3  734  9  11384  3  355  10  10675  2  315  11  10851  2  686  12  10790  3  1675  13  8788  5  3227  14  6759  6  5570  15  4689  8  7671  16 Table 4 : Subclass rank distributions.
• The height H = 29.
• There are actually 10 roots (top rank = 0). These are undoubdtedly errors, and are shown in Table 5 . We have developed the following opinions:
AdministrativeDivision: might be mistyped factbook:AdministrativeDivision, which occurs in tree Building: Might be referring to BUILDING?
COMPUTER MEDIATED COMMUNICATION APPLICATION-SUBJECT: Misspelling of COMPUTER MEDIATED COMMUNICATION APPLICATIONS-SUBJECT (note extra 'S')
fiber-optics: Misspelling of fiber-optic owl:Thing: In the Omega ontology, unclear why its not under Summum Genus JointVentureEvent, CellularPhone, TELLECOMMUNICATION-SUBJECT, TELECOMMUNICATIONS: All are instances of SUBJECT, but some SUBJECTS are also treated as classes.
• There are 95,913 leaves (bottom rank = 29), or 78.8% of the structure.
• The behvaior of the top and bottom ranks are generally as expected. There's a broad fan-out down the structure, tapering towards the bottom, indicated by the generally unimodal top rank distribution and the increasing bottom rank distribution. The trailing spike in bottom rank is the appearance of the leaves.
• Some distinct discrepancies are apparent:
-An initial spike in top rank at 3 and 4 indicates a distinct collection of nodes at that level. Table 5 : Root nodes in SUBCLASSES.
-FREE TIME-SUBJECT- Table 6 : Roots of the large SUBJECT component.
-A corresponding spike in rank width at 25 and 26 indicates that the bulk of those nodes are, in fact, leaves.
-Another bump in rank width at 6 and 7 correlates to a spike in top rank around 22 and 23. This needs more explanation.
Subject
An analysis of SUBJECT reveals the following:
• A single, large component of 100,313 nodes with the nine roots shown in Table 6 .
• A component of size four with two roots: -ARTISTIC-ACTIVITY-and -POLL-, and two children, -EVENT-and -OBJECT-, which both mutually multiply inherit.
• A component of size two with the single root -COMPUTER MEDIATED COMMUNICATION APPLICATION-SUBJECT-and child "bbs".
• 21,344 lone nodes, comprising 17.5% of the structure.
The parents/children distribution for the large component is shown in Table 7 . We see a shallow hierarchy (height H = 5) with vast fanout, many many nodes having large numbers of children. The 25 nodes with more than 1000 children is shown in Table 8 . Note that one, -FACTOTUM-SUBJECT-, is also a root. But, the amount of multiple inheritance is also moderately high at 9.7% of the structure. There is thus a complex structure here, which will require substantially more analysis to fully understand. Table 9 shows the rank distribution for the large component, while Fig. 4 shows this graphically.
There are the nine roots we saw before, and then a very shallow structure, with the vast bulk of Count children  Count parents  0  100097  9  1  4  90410  2  5  8786  3  3  974  4  1  129  5  5  5  6  6  7  1  8  3  9  3  10  4  11  2  12  3  13  3  15  3  16  1  17  2  18  2  19  2  20  2  21  1  22  1  23  1  24  5  25  1  26  3  28  2  29  2  32  4  33  4  34  2  35  2  37  1  38  2  39  2  41  1  42  2  43  1  44  2  45  2  46  1  48  1  51  1  52  1  53  3  54  1  57  1  59  2  61  1  62  1  63  1  64  2  66  1  67  1  68  3  69  1  71  1  77  1  79  1  87  1  88  1  93  1  97  1  99  1  100  1  102  1  103  1  105  1  107  1  109  1  115  1  124  1  137  1  139  1  146  1  147  2  149  2  153  1  155  1  156  1  159  1  163  1  168  1  186  1 -FACTOTUM-SUBJECT-0  31958  -ZOOLOGY-SUBJECT-1  7086  -BOTANY-SUBJECT-1  6555  -BIOLOGY-SUBJECT-1  3342  -GEOGRAPHY-SUBJECT-1  3158  -GASTRONOMY-SUBJECT-1  2538  -MEDICINE-SUBJECT-1  2510  -CHEMISTRY-SUBJECT-1  2383  -QUALITY-SUBJECT-1  2280  -ANATOMY-SUBJECT-1  2264  -ADMINISTRATION-SUBJECT-1  2232  -PERSON-SUBJECT-1  1985  -BUILDING INDUSTRY-SUBJECT-1  1715  -RELIGION-SUBJECT-1  1601  -MILITARY-SUBJECT-1  1517  -LINGUISTICS-SUBJECT-1  1486  -LAW-SUBJECT-1 the nodes living between top ranks 1 and 3, tracking the large number of single-node components.
There are far more leaves here, 90.1% of the structure.
Member
An analysis of DIRECT-HAS-MEMBER reveals the distribution of component sizes shown in Table 10 . We note:
• There are 109,059 lone nodes comprising 89.6% of the structure; or, in other words, only 10.4% of the structure is actually included within the MEMBER hierarchy.
• The one largest component with 5,291 members has 4.4% of the structure.
• The second largest component with 4,688 members as 3.9% of the structure.
The number of roots and leaves of the components with five or more elements is shown in Table  11 , with the roots shown for any with one or two roots.
We can observe the following about the two largest components:
ID 241: 5291 nodes, height H = 11. Its 13 roots are show in Table 12 , its parents/children distribution in Table 13 , and its rank distribution in Table 14 . There is very little multiple inheritance, with only 0.4% of the structure having more than one parent. 53.7% are leaves. 1  4688  1  515  1  177  1  150  1  124  1  66  1  26  1  25  1  21  1  20  1  17  3  15  1  14  2  13  2  12  1  11  2  10  5  9  2  8  3  7  6  6  2  5  19  4  25  3  72  2  395  1 109059 Tables 15 and 16 . This is a pure tree (no multiple inheritance), with 52.5% of the nodes being leaves.
Part Of
An analysis of DIRECT-HAS-PART reveals the distribution of component sizes shown in Table 17 . This is even less connected, with 111,968 lone nodes, and one largest component with only 5,915 members, or 4.5% of the structure. We note:
• The bulk of the ontology is not included in PART-OF, with 111,960 lone nodes comprising 92.0% of the structure; or, in other words, only 8.0% of the structure is actually included within the PART-OF hierarchy.
• In general the distribution is much flatter than MEMBER, with far more smaller components.
• The one largest component with 2,564 members has 2.1% of the structure. Table 17 : Component distribution for DIRECT-HAS-PART.
• The second largest component with 967 members as 0.8% of the structure.
The number of roots and leaves of the components with nine or more elements is shown in Table  18 , with the roots shown for any with one or two roots. This list requires more analysis, as in many cases the height and the number of roots and leaves is not as was to have ben expected.
Because of the complex component structure, the rank structure is not very meaningful, and we show the parents/children distribution in Table 19 unioned over all components. We see a moderate amount of multiple inheritance, comprising 6.0% of the structure, and including some nodes with up to 19 parents.
Conclusions and Next Steps
The purpose of this initial work was to understand the nature of the Omega ontology, and to verify its appropriateness for subsequent development of dispersion measures of query results.
We have verified that Omega is broadly hierarchical, with 93.2% of link instances participating in hierarhical link types. Additionally, Omega is is-a complete, dominated by a single class hierarchy with multiple inheritance.
Next steps in our work include:
New Version of Omega: A new version of Omega is due to be released in January, 2010. We look forward to repeating this analysis on that version.
Inherit Relations:
In Omega properties are inherited down the subclass hierarchy. We can calculate the link distributional statistics modified by such inheritance.
